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t^) Title: PRODUCTION OF METALS FROM MfNERALS 



157) Atetract 

A process Tor producing one or mor* mei^ls from a 
fTiincral -feedstock (12) is tkfined. The mineral 4s 4e6 to a 
leaching apparatus (10) wherein it is comaaed with elearolyie 
( 14). The kaching apparatus has zones of decreasing oxida- 
tion potential (17, rt, 19, 20) respeaively. A stream of elearo* 
l>ie <I4A) is removed from zont ild) and is treated to remove 
impurities and unwanied meials in ireatn«nt iinit (25 A), prior 
10 meial recover}' by elearolysis. The eiearolvie afier elearo- 
lysis is then returned to the keaching ^nii (10). A "second elec- 
tro Ivne stream ( I4B) may be -removed from zone (19) for rec- 
overy of additional metals. "Hie electrolyte (14B) is treated to 
remove impurities and any unwanted n>etals in treaunent unit 
(238). iprior to metal recover}' t>y elearolysis. The elearoljne 
I after .electrolysis is returned to leaching unit (10). The process 
' enables the leaching of difficult to lesch minerals, including 
fold, and can produce one or more meiais of high purity. 
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paoducti^k of metals from mineral-s 
teckni<::al field 
The present invention relates to the ^production of 
metals froiri ^tairierals, and wiore particularly to the 
5 production of be-se and precious metaiiE from .ore-s and 
■concent rat-es, including the production of copper. Tfee 
invention -will in part be hereinafter de-scribed with 
refe^nce to *t*ie treat4nent of sulfur containing ores, 
however , it is to be ' appreciated that . the invention is 
10 -not limted to this type of use. -When the terms 
"mineral" -or "minerals" are used in the present 
-specification t-hey are intended to include any metal- 
oontainlng -compound including ores, concentrates, semi- 
refined ^metal compounds, ^metal oxides and sulfides, flue 
15 dust •et'C. 

EACKGROT3ND ART 
■f^rocesses are known for the treatment of 'minerals 
containing one or two ••metals of particular interest for 
removal of t^he metal (s). These processes become 

20 -^extremeiy costly >and complex to operat^e when treating 
minerals ^lavlEc complex compositions. ^Furthermore th.e 
attaining of product purity is also ^more difficult when 
the mineral has a complex composition or contains 4nany 
contaminants . 

2'5 A major problem today <and in -the future) relates to 

the di-sposal of waste and by-products resulting from 'the 
existing treatment' of minerals for metal recovery. For 
sulfur containing minerals, this problem is exacerbated 
in that a t'i'pical by-product is sulfur ^itiaer in the form 

30 of -sulfAir dioxide ^as or sulfuric acid. Enormous 
atmospheric emi-ssion problems stem from the production of 
sulfur dioxide (including acid rain) -and it has been 
usual to reclaim sulfur dioxide by producing sulfuric 
acid. 5k>wevaer, sulfuric acid is so prevalent that many 

25 producers hav€ actually been rjeguired to incur cost for 
its removal "from -site. 
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.<5ivan the problems -of ^the hi'Ch l«.vel of wa«t« -end 
by-products froni the 'treat-ment of min^erals, and 'mors 
particularly to the byr product ion of sulfur 
dioxide /sulfuric acid, at-t^nipts have been irtade to develop 
5 processes- wherein the disposal ^nd/cr reclaiming of -by- 
products is siiTiplifi^d. 

US Patent ^No- 3/673/0€l to Cyprus -Metallurgical 
Process Corporation descrii>es the oxidation of oopper 
sulfides in a slurry at the anode of an eie-ctro-chemical 

10 cell, with the regui reinvent for an anode -current ^nsity 
of at least 12 amps per square foot for decomposition of 
the copper sulfide. The presence of iron in -many 
.minerals results in a low anode current efficiency for 
copper in this process due to power consumed by iron 

15 oxidation. The electrolytic production, of iron in t-his 
process is very expensive and- t^vAbts the process 
uneconomic both in terms of efficiency and overall . cost . 

Australian patent application number -4.6513/72 to the 
Duval Corporation describes a process involving the 

20 ferric chloride ^d cupric. chloride leaching of copper 
sulfide ores. The process is 'quite complex and requires 
temperatures of around 140^C, ^nd -pure oxygen at 
pressures of up to 3.5 a t-mo sphere s . 

US Patent Ko. 4,061/552 to Bextec -Met-allurgical Pty 

25 Ltd overcomes the -disadv-anta^es of relatively high 
operating temperatures and pressures by . electrolysing 
copper sulfides in the anode, compartment of -an 
■electrolytic cell, with the simultaneous addition of air 
to .precipitate iron. Howe.ver, it is difficult to produce 

30 a pure product from the Dextec process. 

Another existing process is the Cuprex Process. The 
Cuprex process involves leaching -a copper concentrate 
with ferric chloride, solution, solvent extraction cf the 
ferric chloride solution, scrubbing, stripping ^nd then 

35 electrolysis to produce copper. The Cuprex process is 
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an -expensive pr-Qcess, having a high power <:oh£umpti6n, 
^hich -capitai and operating costs -and is <>\^rall a conipiex 
procedure . to operate. Furthermore, products such as. ^olo 
must be removed using existing inet^ods which have 
5 unde sir-able side -effects.. 

.It would -be a<3vanta^geous if at least preferred forms 
«of' the present i^nvention atne libra ted' the deficiencies of 
the prior art or, at the very least, -provided -an 
effective alternative to prior art prbcesses- 
10 DISCLOSURE OF TKjB INVENTION 

In a first aspect the present invsention provides a 
process for producing one or more ^netals from a -mineral 
containing the same, wherein the mineral is transferred 
•to a leaching process coT?»prising a high oxi^dation 
15 potential zone (hop zone) and a low .oxidation potential 
zone (lop zone) and through which an electrolyte of acid 
pH is passed from the hop zone to -the lop zone, 
comprising the steps of: 

(i) feeding the mineral to the lop zone to 

•2<3 contact the electrolyte -whereby at least 

some of the or each rretal is leached from 
the mineral, with at least some of the or 
each metal that is leached being in a low 
oxidation valence state; 
25 (ii) . electrolysing the ^electrolyte - that leaves 

the Ic^ zone in an eiectroiys is process to. 
produce the one or more ^etaKs) and to 
increase the oxidation potential of the 
electrolyte that leaves -the -electrolysis 
30 process; 

(iii)" returning the electrolyte of increased 

oxidation potential to the hop -zone of the 
leaching process; and 
{ i V ) re du c i ng the oxida t ion potent ia 1 of t he 

35 electrolyte as it is passed from the hop 

zone to the lop zone to its level prior to 
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electrolysis . 

The process of the present invention by separ-etinc 
the electrolysis process from the leaching process 
enables the .e'mpioyment of a number of advantageous 
5 preferred steps -^as detailec below.- 
It is preferred that the oxidation potential of the 
electrolyte is reduced by countercurrent contactino the 
electrolyte 'with an oxidi sable substance as the 
electrolyte is passed froiri the hop zone to the lop zone. 
IC Preferably the cxi disable siibst^nce is the -miner-al and 
the electrolyte i^ in continuous contact with the mineral 
as the mineral is 'psssed frorr. the lop -zone to the hop 
zone to subst-antialiy leach, the or each metal from the 
^mineral . 

15 It is preferred that the electrolyte includes two or 

more halides, and the increase in oxidation potential of 
the electrolyte is brought about by forming one or more 
halide complexes which oause further leaching of the oiie 
or more metals from the miner-al as it passes t-hrough the 

2 0 hop zone . 

When the term halide complex" is used in -the 
present specification, it is intended to include, species 
formed from the combination of two or -more .r^alides 
including T' , Cl", Sr* and I". For example, a halide 

25 complex commonly f omred in the preferred process, of -the 
invention is BrCl^" . . 

The -employment of halide complexes imparts, a number 
of distinct -advantages to the most preferred forms of the 
present invention, which previously have not been 

30 achieved by prior art processes. It is known to store 
a^nodic energry by, for example, the oxidation of ferrous 
iron or cuprous copper to ferric and cupric ion 
respectively, or by the oxidation of chloride solution to 
produce chlorine ^s, in the a,node compartment of an 

25 electrolysis cell. These three forms of storage each 
have disadvantages, with ferric and cupric ion anodic 
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^n^r-gy -stora^ge producing f erri-c and cupri-c ion -which may 
cont^minatie -a metal prodojct in ^tectrclysi-s processes, 
and with -chlorine gas anodic -energy st-or^ge nec^ssitati-ng 
the storage -of large volumes of chlorine ga-s. However, 
'5 formation of the halide complex .lenabl^es the -storage of 
anodic ieias-rgy in ' a solublae form -which vill ^not 
ccnta^minatse a metal product and -enables the control of 
retAxrn ^anolyt^ at a high oxidation pot-^ntial -which can be 
.used for t-he leaching of other -specific, met^l-s, aeg 
10 precious ■met-al^, in the mineral. 

Prefersfcly the electrolyte includes chloride ^and 
-dissolv-ed copper which is substantially in the 'Cupric 
state -a^ the electrolyte- enters the hop ■ zone -and is 
siibstanti^lly in the cuprous state -when electrolyte is 
15 drawn trom the leaching process for -metal .production. 

■Copper Inunctions as a oatalyst in the preferred 
processes of the present invention. It catalyses various 
reactions in the leaching process, including the hali-de 
-complex oxidation of -the ^nineral, and the -air oxidation 
■20 and lead leaching reactions (detailed below) . 

It is preferred .that the hop zone comprises a halide 
complex leaching zone (hcl -zone) into which electrolyte 
returning f rom ^the electrolysis process i-s passed and in 
vhich final leaching of the mineral takes place before it 
25 is removed from -the leaching process, and ah aeration 
zone 'through -which electrolyte from the hcl. zone is 
passed and aerated and through which partially leached 
mineral from ^the lop zone is passed for further leaching 
before tra^nsfer to the hcl zone, the aeration 
30 precipitating leached iron when present in the mineral 
and/or oxidi-sing at least some of any cuprous copper 
present in^he aeration zone to cupric copper. 

Preferarbly the electrolyte is treated after leaving 
the lop zone and prior to entering the electrolysis 
25 process, the treatment proc^^s comprising removing any 
impurities in the -electrolyte and/or removing certain 
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TO€tals whi-ch may contaminate the or -each .metal produced 
in the -letecrrclysis process. . Certain met^Ks) -oen i>e 
removed by a silver . removal process as def ined below, 
together with a pK raising process as cefined below. 
S Preferably the one or more metals are produced in 

one or ^more electrolysis cells, with the or each <^11 
including a ^me:mbrane whioh separates ^a cathode /from -*an 
-anode. Catholyte is then formed -at the' cathode si^ of 
the . oell and anclyte ^t the anode . side of the oell . 
10 Prefera^biy the membrane, is noh-porous end it is ^most 
preferred that the •irtembrane is as per the eighth as^pect 
of the invention as defined below. 

In one preferred form of . 'the invention th^e 
electrolysis process is oonduc ted with a plurality of 
15 -cells arranged in series with catholyte xrom a -given cell 
being transferred t;c a cathode oonij>artment of a 
subsequent cell. /aolyte can fee transferred through the 
oell series in either a cocurrent or cquntercAarrent 
direction with respect to the -c-atholyte . 
20 Preferably Ni , Pb and Zn are produced in the series 

cell arrangements, when these mistals are pres^ent in the- 
•mineral fed to the process. 

Preferably the lop -zone comprises a dissolved copper 
zone (dc zone) wherein -at least a portion of the copper 
2£ is in a solubilised form, and a copper precipitation 2;pn€ 
(cp zone) wherein at least a portion of any 4issolwd 
copper in the electrolyte is precipitated therefrom, to 
-mix with any mineral that has been fed to. the leaching 
process in the op zone, the resultant -mixture . then being 
3C countercurrently transferred through the leaching, 
process, with electrolyte from, the hop zone passino 
firstly through the dc zone and then through the cp zone 
and vith mineral being fed to the leaching pr<x:ess to 
either or both -.of the dc ^nd cp zones . 
25 Preferably copper may be produced in at least one 

copper electrolysis -cell' -as pert of the electrolysi-s 
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process, end paseferably this -cell i^- in parallel to the 
series ^of electrolysises cells. Preferably the aelectrolyte 
for the copper electrolysis cell is taken from the -6c 
zone. 

S In a -second. -a-spect the present invention provioe-s a 

treatment . process for -s^ibstenti-ally removing silver from 
a cuprous chloride solution compri-sing the -steps of : 

passing the solution to an elect rolysi-s cell 
having a cathode. and a copper anode; 
,10 - adding soluble mercury to the solution in the 

. cell; 

electrolysing' the resultant solution to form .a 
Cj /Kg /Ac amalgam on the cathode . 
In. a third aspect the present, invention .provides a 

15 treatment process for substantially removing certain 
metal (s) from a cuprous chlori<3e solution iiavinc a pH of 
generally less than 3 /5 comprising the steps of : 

increasing the pK of the solution ^up to a. value 
ranging from approximately, ^ to €.5 or to a 

20 value just prior to cuprous copper 

precipitation, in stepwise increases of one or 
more predetermined pK ranges -between pK 3.5 and 
sai<3 value, each pH range corre'sponding to a 
point at which one or more of the certain 

25 metal (s) precipitate from the solution; -aiid 

removing the precipitate of the one or more 
certain metal (s) at each pK range f rom the 
solution. 

Preferably these treatment process.es are included in 
30 the treatment processes referred to above for removing 
certain metal (s) which may contaminate the or. each metal 
produced in any of. the electrolysis ^cells. 

Preferably the electrolyte leaches any gold present 
in the mineral fed to the leaching process, wherein a 
35 portion of the electrolyte in the hep zone is removed and 
passed to a gold recovery process. 
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In a fourth -anspect the pra-sent inv:ention .provides e 
couiiter-current leaching proc^-ss for leaching on^ or more 
:met^ls froin a minieral ocntaining the same, the proces-s 
comprising a hi^h oxidation potential zone (hop zone) -and 
5 a low c^xidation potential zone (lop zone) vheretoy an 
electrolyte of hi^h oxi-dation potential and acid pH is 
fed to the hop zone and the .mineral is fed to the lop 
zone, comprising the steps of: 

(1) passing the electrclyte from the hop zone 
20 to the lop ■ zone and transf erring the 

mineral from the lop zone to the hep zon:e 
i-n -^a counter -current direct icn to 
e ie c t re 1 y te f 1 bw , t he e iec t r o 1 y t-e be i ng 
"kept in continuous contact with the 
•15 mineral to ieach at least some of. the cne 

or more metals therefrom thereby lowering 
its cxidation potential; 

(2) removing the electrolyte from the lop zone 
with the one or more metals therein and 

20 removing a partially or substantially 

leached -^lineral from the lop zone;, 
wherein the electrolyte fed to the hop zone includes cne 
or more halide complexes as herein defined. 

In a fifth -a-spect the present invention provides 
25 Apparatus suitable lor use in a process as defined in the 
first aspect of the in\^ention comprising: 

one or more vessels ..adapted tor receiving the 
mineral ^d the electrolyte so that the 
electrolyte i^s brought into contact with the 
30 mi-neral to leach the one or more metals from the 

mineral ; ^and 

one or more electrolysis cells, each adapted for 
receiving ^mineral contacted electrolyte from the 
vessel (s), for producing a respective one or 
35 more of the metals from the metal (s) leached 

into the electrolyte and for returning the 
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elect rolyt^e to t^ie -^sselis) . 
-Pref^r^bly the .apparat-us a'dditi-on^lly comprisses ♦a-n 
etectr^olytse treat-rnerit n^-ans arrange<5 bet^en . thse 
vessel^s) -^nd the. electrolysis o€ll (s) for removi-ng any 
5 iTnpurities in the electrolyte -and /or certain ^nretal-s which 
^tay oontaminate the or .each ^retal produced in <he 
electrolysi's process, prior to feedinc the electrolyte to 
the electrolysi-s cell (s) . 

Preferably one or more of the ve-s-sel-s are adapted 
10 for ■feeding -air therein for oxidation leaching of ^he 
mineral, vith the adaptation preferably including an 
impeller means adapted for stirring mneral in the or 
each -vessel . 

Preferably the or each electrolysis cell is divided 

15 into a cathode coinpartTnent comprising one or <nore 
cathodes and an anode compartment comprising one or fncre 
anodes, ^the or each cell iei-ng divided by a membrane 
which is eiither porous or noh -porous . 

In a sixth aspect the invention provides an impeller 

20 comprising a hollow shaft having one end adapted for 
turning by motive means, and an opposite remote end, the 
impeller being adapted for use in the or each vessel, the 
remote end of the impeller having a transverse plate 
•arranged thereon, with a plurality of blades mounted to 

25 the -plate so as to -extend laterally and radially outwards 
from the shaft at or adjacent, the remote end, in use, air 
or oxygen being fed through the shaft to exit the 
impeller at the remote end. 

In a seventh aspect the i-nvention provides a cathode 

30 suitable for use in an electrolysis *cell, the cathode 
being termed from a conductive 'material and having a 
plurality of isolated exposed conductive material sites 
for the .formation thereon of the one or more metals 
during an electrplysis process, with each site being 

35' isolated from all other sites by providing on the cathode 
insulation means to prevent the in use formation of metal 
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on the -oethode in recions -bet-ween the -^ites. 

In on eighth aspect the invention provide-s « 
membrane suitable for use in an ^electrolysis cell, the 
membr'ane being non-porous to electrolyte flow, and in w-se 
5 compri'sinq -a Na.2Si03 -derived oel arr-angec on a supporting 
-substrate . 

Prefer-ably the .electrolysi-s cells are arranged in 
series and/or in parallel with one or -more furtiiier 
>electrolysis cells. 
10 BRIEF DESCR IPTIOK OF - THE DRAWINGS 

Notwithstanding any other forms which may fall 
•within the scope of the invention, preferred embodiments 
of t-he present invention will now be described, by way of 
example only, with refer-ence to the accompanying 'drawings 
15 and/or the accompanying examples, in which: 

Figure 1 depicts schematically, a process . for 

producing . one or ■more tnetal^ according to the 

■ invention ; . . 

Figure 2 depicts schematically, a process for 
20 producing one or more metals with specific reference 

to copper; 

Figure 5 shows a sectional elevation of a preferred 
impeller according to the invention; 

Fig-are 4 shows the oxidation potent i-al of halogen 
25 complex with. increasing amounts of stored eiectrioal 

sener^; and 

Figure 5 shows a fi-gure indicating the percentage 
dissolution of 'gold granules in a halogen complex 
containing electrolyte over time. 
30 MODES FOR CARRYING OUT TK£: INVENTION 

Referring tc Fi^re l, the process includes a 
countercurrent contacting unit 10 into which a mineral 12 
is .fed and through which an electrolyte 14 is counter 
currently -pas-sed to contact and leach one or more -metals 
35 from the mineral. 

The mineral can typically include sulf ur-cont-aining 
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o2?es, such -a-s pyrite, trioiybdenit^, arsenopyrit^, 
chaioopyritie , pentiandit-e , cov^llitje , -sphai'erit^ , 
<:hal'CQcit^, pyrrhotit« and galena or varying ccinpositibns 
•thereof. T^he -electrolyte is typically a high 

.5 concentration sodi-um chloride «l^ectrol;yt« of 250-300 
vgrams per litre ^(-gpl) of sodium chloric. 

The process is capabl-e of receiving widely varying 
feed stocks, inclAading ores, concentr'ates , -se^ni -purified 
metal cont-aining compounds, etc. It i«s a particular 

I'O advantage of t-he process that the mineral fed thereto, 
requires f-ar less preparation -and/or purification than 
many existing processes. 

The unit 10 is,' for ease ci reference, divided into 
four zones, hereinafter referred to as a halioe complex 

IS leaching zone 17 (hcl zone), a.n aeration zone 1€, a 
dissolved metal zone IS {•dm zone) ajnc a metal 
precipitation zone 20 imp zone) . 

Air or oxygen is fed to the -aeration zone , typically 
through one or more impellers (as described below) .to 

20 assist in leaching of the mineral. 

The temperature of the electrolyte is preferably 
greater than 70 '^C a.nd the pK is preferably between 0.5 
and 3, with the process operating at oenerally ambient 
pressure. This is particularly advantageous as previous 

2S . processes have in general required -hioher operating 
temperatures and pressures. The pH of t-he electrolyte is 
generally maintained below 2.5, a-s ^bove pH 3.5 there is 
a tendency for copperoxychloride , atacamite 
Cu^Cl^tOK)^ to form -which interferes ^ith the recovery of 

30 copper. 

the mineral 12 often includes Cu, -Pb, Zn, Fe, -Co, 
Ni, As, Sb, Bi, Kg, he ^nd Au metals •and platinum group 
metals -and is fed to the mp -zone (and/or the om zone, see 
below) whereupon leaching with electrolyte commences. 
35 The leaching vessels employed, usu-ally incorporate ^ 
settling chairuDer insioe the leaching tank so that -a clear 
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liquid zone i-s created -a substantially higher iev^el 
than the slurry zon-e, (formed from the -mineral fgeed) , due 
to differences in specific gravity. This -allows, the 
electrolyte to be transferred in countercurrent flow to 
5 the mineral slursry. 

As the tniner^l is tra^nsf erred through the Ainit 10, 
it moves into regions -of ^gr&dually i-ncreasinc oxidati^on 
potential so that substantial proportions of specific 
metals in each region are leached, enabling the targeting 
10 of specific ntet-als by drawing off electrolyte flow at 
.different points through the unit 10. 

Once the ^dner^l has been substantially leached, the 
process is • ocnducted -such that any sulfide sulfur in the 
incorTiinc mineral is precipitated predominantly . as 
15 ^elemental sulfur, Isee Equations (1), (5) and <€) below).. 
Elemental sulfur is removed from the process with sludge 
23, and then- may be separated by o on vent ional techniques. 
The process thereby overcGmes disadvantages of sulfur 
disposal incurred in rra^ny existing processes, because 
20 sulfur does not require reclaiming as sulfuric acid, nor 
is any sulfur dioxide ^gas produced. 
lySTAL- -RECOVERY - FIRST LOOP 

The electrolyte leaving omit 10 leaves in tvo 
streem.s 14A and l^B. Referring to stream 14A, the 

25 electrolyte leaves the mp zone typically -containing one 
or ^more metals for recovery. In one embodiment , -when the 
-mineral fed to the process, includes lead., nickel and 
zinc, these c^n be leached into the electrolyte leaving 
unit IC for recovery from stream 1'4A. Fi-gure 1 shows the 

3Q recovery of teed and zinc only. (Additionally, when the 
mineral includes copper, this may be leached into the 
electrolyte leaving unit 10 in stream 14B for recovery). 
Usually, substantially, -all ionic copper that -passes with 
the electrolyte from the dm. zone to the mp zone is 

25 precipitated in zone 20 Ceg see Equations B, S and 10 
below) . Thus electrolyte i4A is substantially free of 
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copper prior to «nt-ering treatment unit 25A. 

Treat^:ent. unit -2 5 A i^ configured tc r-emove any 
i'lnpuriti^es pre-sent in the electrolyte and/cr ^any irretal^ 
which may -affect the purity o'f the metai-s recovered 
5 -subsequently by electrolysi-s . Thus treatment unit -25A 
oan inclu<£e thic-keni-ng and/or filtration stages for 
reiroving the i^mpurities, prior to a variable three (3) 
stage t-reat'iReht process, (see description below with 
reference to. Figure 2). Thus, treatment unit 25A c^n 
1.0 oompri^ one or more of three (3) di^tincr treat^itent 
•stages, namely, stage 1 treatment 26, stage 2 treatment 
. 2€ and st.age 3 particulate met-al treatment . 30 . 

Stage 1 treatment removes silver a.nd mercury, -and 
stage 2 treatment removes any additional metal (s) bel'Ow a 
15 level SO a^s not . to interfere in the subsequent 
electrolysis processes and so as to produce a metral of 
high purity. ^Metals removed can include iron, arsenic, 
bismuth, mercury, -antimony, etc. as a stream 31. The 
treatment processes enable the attainment of >metal 
20 products of extremely high purity whioh have rarely been 
obtained -with existing processes, or only with some 
difficulty. Purthermcre, each treatment unit may include 
one or more of stages 1, 2 and 3 above. 

When lead is produced in a first electrolysis cell 
25 32, stage 3 treatment involves passing the electrolyte 
through, a bed of particulate lead. After treatment, the 
electrolyte is transferred to the cell 32 whioh comprises 
a oathode compartment 33 ^nd ^ode c6m.partment 5^. In 
Figure l, Pb i-s produced at the first electrolysis cell 
30 forming at one or more oathodes in the cell. Typically, 
the cathodes are as described below (i.e. dimpled oopper 
sheet) -and typically the product is wiped from the or 
each cathode with a. plurality of wiper blades. Cell 32 
produces a lead product 35 whioh is removed from, the 
35 bottom of the cell. 

The ^eli includes a non-porous membrane 3€ 
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<<5e«cribed -below; i.e. Na^SiCj coated membrane) whi-ch 
prevents the electrclyte in the cathode' compartment -(i.^. 
cat'holyte) from, passing into the electrolyte cf the anode 
compartment (i.e. -anolyte) . 
5 The catholyte from cathode compartment 33 is further 

treated in second treatment unit 40. Unit AO typically 
includes a Stage 3 particulate metal treatment, being 
treatment with a ^tal to be produced in second 
elect rclysis cell 42. In Figure 1, the particulate bed 

1€ in unit 40 is particulate zinc, through which spent lead 
cell catholyte. is :passed to remove «any .lead remaining in 
the catholyte as a -zinc/lead product 43. -Alternatively, 
a lead/zinc mixture ^iTiay be produced in an intermediate 
. elect rclys is cell (not shown) before passing ^he 

15 catholyte to the cell -4 2. 

The second electrolysis cell also includes a cathode 
compartment 33 and anode compartment 34 separated 'by 
membrane 3*6. Zinc is produced in cell 4 2 and is removed 
from the bottom of the cell as a zinc product -4 5. The 

2>0 spent zinc celi catholyte is then fed to the anode 
compartment of cell -42 to form the- anolyte therein. 

In an alternative arrangement, as indicated by t-he 
•dotted line 47, the spent zinc cell catholyte may be 
passed back to the anode compartment of the first 

25 electrolysis cell so that the catholyte ^nd anolyte flow 
are ■ CO- current rather than -countercurrent . The cp- or 
countercurrent flow of anolyte and catholyte TOsy be 
applied to an electrolysis cell series comprising three 
or more ceils. Alternatively, depending on the ^mineral 

30 . cbmpcsition and the metal to be removed,- the cells 4nay be 
arranged all in parallel or some in -series and same in 
parallel, with. -anolyte ultimately being returned back to 
■ the countercurrent contacting unit 10 taiE descri4)ed 
below) . 

35 It is most typical that the electrolyte has a high 

chloride content ^nd has ionic copper dissolved -therein. 
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The ionic copper catalyses a number of i^eaching reactions 
in the counter cur rtent contact ing Ainit 10 {-cescribed 
below), however, it dees not participate in the 
production of metals in t-he *electrolyt« streair. 14A 
£ leavins the metal precipitation -zone. 'When two or more 
'Kalid^s are present in the .electrclyt:e stireatn 14A, one or 
more -halogen complexes (hereinafter "halex") ^are formed. 
Hal«x is formed at the or «ach anode *of the or each 
electrolysis . cell by oxidising the -hali-de ;speci€s in 

10 solution to fonTi the halex-. (A typical oxidation 
reaction is shown in ecuation (IS) below) . 

Hal-ex has the caipacity of storing large -amounts of 
anbdic energy (see . Fi-gure 4), thereby raising the 
oxidation potential of return electrolyte l^R. -When the 

1'5 anolyte froin cell 32. is returned to the contacting unit 
10, it results in a high oxidation potential in the hcl 
zone, which greatly assists in the -leaching-^of- dif ficult 
to leach metals from the mineral . 

It is known to stor-e anodic energy eit>jer by the 

20 oxidation of ferrous or cuprous to ferric and cupric ion 
respectively, or by the oxidaticn of chlcride solutibn to 
produce chlorine gas, however, these three forms of 
anodic storage each have disadvantages (as detailed 
above) . Formation of halex overcomes these disadvantages 

25 and enables the storage of a large amount -of oxidising 
energy for use in the. hcl zone 17. 

Figure 4 is. a ^raph of oxidation potential versus 
eiectriai energy input for three oiffereht electrolytes. 
Curve 1 is a 2eo ^gpl NaCl plus a ^2^6 -^1 NaBr showing the 

30 formation of BrClj" at a. potential of -fSOO to +1000 mV 
(standard reference Ag/AgCl) . Curve .1 -shows the change 
in oxidation potential of the electrolyte -with formation 
of ErClj* according to equation (1-5) toelow. The second 
part of the curve shows the increasing current efficiency 

35 of thi^ reaction as the free Er* content .decreases and 
the evolution of chlorine cfas becomes a competinc 
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reaction, raising th^ c-xidaticn potjentiai. 

•Curve 2 shows the oxidation pot:enti^l cf ^ 2€0 gpi 
KaCi solution ^^ithout Br" with immediate chlorine -gas 
evolution followed by addition of JJaBr -which stops the 
5 gas -evoluti-on, Cuarve 3 -shows the oxidation potential -of 
280 ^1 ^NaCl ^el:eotrolyte, •r28 -gpl NaEr, +12 gpl Cu"^ . The 
area under the -curves -between +600 and -flOOO ^mV (Ag/ftgCl) 
represents the -storabLe ^energy in soluble form ^hich can 
be used for the leaching of, for ex-ample, gold -and leach 

10 resistant mineral (s) in the mineral teed, such -as pyrit« 
*and arsenopyrite . The -anicnic bromide can be considered- 
as a bromide ion ' stcring chlorine molecules... This ^ hows 
that bromide is 1.S5 ti^es more effective on a weight 
basis than cupric iron with the additional advantages 

15 that a lead or zinc produce electrolyticaliy formed in 
the process is not «ccnt-aminated and is formed at a high 
pot-en tial. 

An adv-antage -with using halide complexes as part of 
the cxidisinc substance in the leaching process is that 
20 halide complexes -are formed at a potential lower than 
chlcrine gas fonriaticn. Therefore, a halex containing 
electrolyte can be preferentially formed without the 
formation of any chlori-ne gas and the attendant problems 
thereof . 

25 CODNTERCURRSNT LEACHING 

As described -above the countercurrent . contacting 
unit is shown in Figure 1 with four zones. When using 
the process tor the production of copper, the metal 
precipitation zone 20 may be omitted. Alterriatively, 

30 when copper is not produced, i.e. with no copper 
electrolysis recovery loop 1-4E it is most preferred that 
ionic copper is present in the. electrolyte . Ionic copper 
assists in the catalysing cf halex leaching in the hcl 
zone, (see equation (14) ), oxidation leeching in the 

35 aeration zone 1€ (and iron precipitation; see eguation 
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{12)) and •irdneral* l-e-eching (in part i-cu 1-ar . lead i-eachi-ng) 
in the ^tt zone IS Isee, for ^xampl^, -jeq^ations (1) and 

(5)). ionic copper undergoes a number of transit ibns in 
tiie -count^rc-urrent leaching unit 10, however, the 
£ essential tr^ansition- is from the. cupric U2) st^te in the 
hci -zone to t^e cuprous (-rl) st^te in the -dm zone. 

The 'mineral .12 is fed to :«ither or both of tfee nvp 
^nd 'dm . -zones ^whereupon it comes into contact with 
ielectrrolyte 1'4 . In mp zone 20 , ^most of the ioni c -copper 

1-p present in the electrolyt-e precipitates as either ^ 
oupric or -OHaprous sulfide, in turn leachinc mineral 
-sul f ides tes pe r equa t ions l« ) , ( 9 ) , end < 10 ) ) . .Me ta 1 s 
such as l^ead, nicxel, zinc and molybdenuni are ieachec 
and/or present in ttee electrolyte (fa^m upstreairi 

15 leaching) -a-nd pass out of unit 10 in stream 14h for 
suibseq\ient recovery. 

In 'One preferred embodiment , the mp zone may be 
separated 'irom. the •ccuntercurrent leaching process so 
that the ^mineral feed to unit 10 comes from ^eg. s 

20 settling t<ank intermediate the separated mp -zone and the 
dm zone IS. The settling tank receives partially leached 
mineral from -*a separ-ate leaching/metal recovery system. 
Thus, for *an easily leached ^metal for example, the 
separate metal recovery system can be run simultaneously, 

25 so that /the- mineral fed to \mit 10 is already partially 
leached with respect to that ^metal (e.g. lead) . Thus, 
the separately leached inet^l plays no . part in the 
process. Of course, an mp zone may still form part of 
^the unit 10 in this preferred embodiment, but the mineral 

30 feed ^y -still be a partially leached feed with respect 
to one or ^more metals that are -easily leached. 

The partially leached mineral in the *mp zone ^ is 
transfserred to dm zone IS having a higher oxidation 
potential than the mp zone and further leaching takes 

35 place. Capric copper present in the dm zone causes 
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l^eechins o± sulfide minerals (see for :ex«mple :equation ,1) 
t<j produc:e, int:er alia, cuprous copper, ferrous iron a^nc 
elemental sulfur. The sulfur precipitates into the 
iTiineral slurry' ahc no longer partici-pates in ^ny 
S react ion. The ^ulfur. is. ■subsequently tr-ansferrec from 
Ainit I'O in the sludgie 23 and separated -a-s product 5^ . 
Thus, the leaching in the dm zone 15 is essentially 
performed -by cupric copper which in turn is reduced to 
cuprous copper as the mineral is progressively leached. 

10 . The electrolyte thus removed from ^unit 10 as stream 

. l^B contains -dissolved copper in essentially the. cuprous 
state,, ^hich is a -most advantageous state Irom the point 
of viev? of elect rowinning of the copper. That is, in 
many electroiysis processes copper is electroplated f rom 

15 the cupric state. iv^hen copper is electrov^n from the 
monovalent ^tate, only approximately half the power is 
required compared to elect rowinninc from ^the divalent, 
s ta te . Fu rt he rmore , when t he cuprou s con ta in i nc 

electrciyte is highly pure, a far -greater cathode' current 

20 density -may be applied in the electrolysis cell and 
copper electrcwinninc can be further increased. The 
copper process is described in greater detail below. 

The partially leached mineral is then transferred to 
the aeration zone l€ for further ieachinc. Oxygen in the 

25 forrri of -air is introduced in the aeration -zone stream 22, 
typically through an axi^l. flow aeration impeller -as 
.described below. Air oxidation of the electrolyte 
oxidises the cuprous form of copper to its cupric form 
(see equation (11)). Aeration also maintains a stable 

3-0 electrolyte pK . More importantly, aeration 4)rings about 
the precipitation of leached iron (typically in the forrri 
of ferric ion) . The chemistry is shown sub •ecuat ions 
(11), (12) and (13), which combine to produce equa t i on 
(1-4) : Thus, FeO=OH (akaganeite) is. precipitated in the 

35 -mineral sludge (and ultimately passes ^out of the unit IC 
in sludcse line 23) . 
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-Wh«n tha mineral fed to' the process include-s 
chal-ccpyrit^, lea'chirvg in the aer-etion -zone <:an be be-st 
understood by referring to equation (15) . 

The oxidation leached mineral is then transferred 
5 from the aeration zone to the hcl zone 17. ^Any remaining 
unle^ched mineral is S'Ubst-anti;ally leached in the hcl 
zone which has a very -high oScidation potential. The 
^halex formed at the anodes of the cells 32 and 4 2 of the 
first loop, and the copper elect rciysis oeli 5-2 (of the 

10 second loop) enters with the elecr^rolyte return flow i4R 
to the hcl zone. The ha lex compounds invoke the leaching 
of ^difficult to leach mineral sulfides (see equation- 
(17)) and also difficult to leach -golc (see^e.o. eq-aaticn 
(le)). . Kalex alsc reacts with cuprous ion to produce 

15 . cupric ion, which causes further leach oxidation of the 
minveral , (see equation (15)). 

In the copper electrclytic cell, cupric copper ^may 
also ^be produced at the a.node from any cuprous copper in 
the anode compartment . The cupric ccpper is recirculated 

20 back to the hcl zone to further assist in leaching of 
mineral therein. The odd leached in hcl zone 17 is 
recovered in a -gold recovery unit 50 by transferring .a 
portion 14 F to the gold recovery unit. 

Thus it can -iww <be seen how ionic ooj^er in the unit 

25 1.0 underg[oes a nunuDer of transitions from being 
essentially cupric in hcl -zone 17, to .essentially cuprous 
in dm zone IS and to being essentially precipitated in mp 
zone 20. 

GOLD RECOVERY PROCESS 

30 The leached gold containing electrolyte portion 14F 

is circulatned to the gold recovery unit SO -which includes 
an activated carbon bed. A stream of spent oatholyte 54 
from the cathode compartment 33 of cell 52 is passed to 
the recovery unit for contacting with the electrolyte 

3 5 14?. The spent catholyte has a low oxioation potential, 
and vhen contacting the electrolyte reduces the Eh of the 
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«oluticn to below +€00 tcV (Ag/ftgCl) causino the «ol-d to 
come out of solution ^-s iel^ment-al gold and adsorb onto 
t'ne surface of t-fes activatred carbon. The c^rbonZ-gold 
product is separated from the unit SO before recovery to 
5 produce oold 'str^eatn 56. The cold oeplet^d electrolyte 
portion 14 P is t-hen. returned to the -hcl zone.- 

Because the -gold -ha^s been leeched into the solution 
as an ionic form,, it can -be very simply recl-eimed, 
without the -need for cyanide leaching and ^11 the 
10 attendant problems of that process. The process provioes 
£ very .effici^ent, effective and ^economic means for 
obtaining gold. Figure • 5 shows the leaching of gclo by 
.anodicaily oenerated r^alex species. The -cold oan be 
-completely leached from a mineral in -a short time adding 
IS to the effectiveness of the process. 
COPFER RECOVERY PROCESS 

1<eferrinc to Fig'ares 1 and 2, (where like r^efer-ence 
numerals have been .incorporated for . like process units in 
^ach figure) / and fir-stiy to Figure !, copper is produced 
20 in ^netal recovery loop 2, by removing a stream of 
electrolyte 14 E from the dm zone IS, treating this in 
treatm^ent unit 25E and then el«ectrowinning copper in 
copper electrolysis cell 52, before returning the 
eieci:rol>t:e to tbe contacting unit i^O. 
25 . The copper in stream 14B is essentially in the 

cuprous . state a.hd. theref ore the ^lectrowinning . reguir-es 
far less power -^^approximately half that of -electro- 
winning copper from the cupric. ionic state) . Treatment 
unit 25E removes .particulate solids in the el^ectrolyte 
30 (e.g. in thickener S«} to form part of the sludge 23. 
removed from, the process. The first stage treatment unit 
2^ removes silver, -and when present, -mercury as stream 
«0, -and the second stage treatment unit removes any 
remaining metals vhich •could subsequently contaminate or 
2 5 affect the purity of copper produced in the electrolysis 
process. The remaining ^metals -are removed as streatri 62, 
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•and i-n ths p-roduction of copper, ^riay include Pb, Zn, As, 
Sb, Wi, B6;" *Cc, «t<. T-he€€ removed, me t-el-s tr-an then be 
♦ recovered in conventional reooveiry prdces'ses. 

Aft^r treatment the ^electrolyte i^ transferred to 
S. electrolysi'S cell 52 for -el^ctrowinning . The essentially 
cuprous copf>er containing ^electrolyte is reduc-ed in 
cathode cornpariment 33 to produce copper which is removed 
as oppper stream . The rparticulate copper is filter^, 
•was^hed.and dried in -unit and t^hen may be . briquet ted in 
10 bricpuetting apparatus or f ormed into -wire in -Conform 
ma c hi ne ^3 . 

Gat holy te from the cat-hode compartment 33 is 
transferred tc the anode compartment 3^^ as a cat holy te 
stream 70. This is because the ^mbrane 3€ does not 

IS permit t-he flow of electrolyte between the anode and 
cathode compartments, but only tfce How >of current. (The 
men±>ra3ae is -described in -greater detail below) . In the 
. anode compartment , • any cuprous copper in the catholyte 
stream 70 transferred to -the anode compartment is 

20 oxidised to cupric copper and halex is also formed. The 
resultant anolyte is then returned as electrolyte ret'Urn 
stream 14 R tc t'^he unit 10. 

Typically an electrolyte containinc €0 -gpl of 
cuprous copper is fed to ceil S2 and is electrolysed such 

25 that 50 gpl of copper is formed at the cathode, ^ith 30 
-gpl of cuprous copper transf erring to t-he anode 
compartinent in stream 70. In ceneral -most of this 30 ^gpl 
of cuprous copper is oxidised to cupric copper. Thus the 
return electrolyte, including halex, contains 

30 substantially cupric copper and thereby has a hicfh 
oxidation potential for the leaching of mineral in tfee 
hc'l zone. 

in the process showTi in . Figure 2, five leaching 
tanks in series are shown as defining unit 10. Moving 
35 from left tc ri^ht, typically the- first tank wuld 
comorise the hcl -zone, either or both of the next two 
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tanks could compri-se the aeration zone into whi<:h air 22 
is fed, with the fourth and fifth tank^ forming a lower 
oxidation potential -zone, typically the dissolved ^rr^tal 
■zone IS. However, it ^should be understood that -many 
5 variations of this confi-guration -are possible. 

Referring in ^gerjeral to Figure 2, the .mineral o'ft-en 
comes from a miniriq source whereby it is crus-hed -and 
ground 73, and concentrated by flotation 7-4, with 
thickening 75 and filtration 76 occurring prior to being 

.1^0 fed to Aanit 10. Tailings from the filtration are ta^ken 
off at 77 as are sludge 23 tailings .76. The sludge 23 
from thickener S€ and from the leaching process 20 is 
surged- in surge tank 75, 'filterec in f ilter -eo and passed 
through sulfur recovery unit -82 for the se:paration of 

IS sulfur from the sludge to produce sulfur, stream 2'4 . 
STj^.GE ONE TREATMENT 

The first stage purificaricn -may be performed; in any 
or all of treatment units 25A, 2£B and 40., and- is . ^shown 
as unit 2€ in Figure 2. The first stage purification is 

20 detailed specifically in example 5, and invol-ves the low 
curr-ent . density electrowinning . on a high su-rface area, 
cathode, preferably of titanium., with . the addition of 
ionic mercury. A Cu/Kg/Ag amalgam^ forms on the cathode 
and is detached in the same .maioner as in the :el«ctrolysis 

25 oells 32, ■4.2 a.nd £2. The amalgam may be dissoived in a 
- return az>clyte stream from the copper electrolysis cell 
which breaks down the amalgam into cupric and mercuric 
ions which are recycled to the first treatment stage . 

Dilution of the subsequent return anolyte solution 

30 precipitates silver chloride which may then -be thermally 
treated to produce silver metal. Typioally the first 
stage treatment also includes a copper contacting step 
wherein electrolyte is first passed over elemental copper 
to cement silver thereon and reduce silver to a content 

25 of is ppm in the electrolyte, prior to passing it to the 
silver retovery cell. 
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The cell i-s . usually stirred by -an impell-er and 
includes -a copper ^ode surrounded by a cylindrical 
titanium inesh ^rathode. The copper -anode nvay also be 
f-ormed by granul-ar or briguetted capper in a titanium 
S basket, With the first stage treatment, it is possible 
to remove practically all of the silver in solution to a 
high level of purity and at the same time, produce 
rel-atively easily a silver product. 
- STAtSE TWO TREATMENT 

20 The -stage two treatment process 26 may be employed, 

in eny or. all of . treatment units 2SA, 25B .and -4 0. The 
: stage tvp treattrent process receives electrolyte from the 
first stage treatment and is, in essence, a pH 
raising /separation treatment. The pK of the electrolyte 

1£ is increased from a lev-^1 of below 3. 5, typic-aily up to a 
pH of 6 to €.5. Bowev^r, the upper level of the pK is 
monitored so that cuprous oopper in solution is not 
precipitated. (In high chloride solutions, cuprous 

copper is stable in solution up to a pK of approximately 

io -6/5 to £.7; see equation (3)). 

The pK is preferably raised by adding -sodium 
carbonate ^^2003 ^and optionally, a source of -ferrous ion. 
Arsenic and iron oome out at approximately oK ^ to 5 as 
FeAsO^, zinc as •ZnC03 at a pH of approximately £.5 and 

25 metals such -as bismuth, lead arid antimony at -a pH of S.S 
to 6, as EiOCl, PbO and Sh^O^. The electrolyte is 
separated from the precipitated salts, which are removed 
as stream €2. The electrolyte is then ready lor copper 
electrowinning in cell 52- 

30 With previous processes, it is oonventional to 

electrowin copper from a typical copper sulfate solution 
. using a ^cathode current density of in the region pi 250 
A/m^. Conventional processes typically prodiuce a copper 
of -95.95% purity. However, with the treatment staoes 1 

25 and 2 of the present* process, together with the unique 
leaching configuration of unit 10, it is possible to 
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^el-ectrowi-n copper f roTn « cuprou-s solution of high purity 
(to produce a copper purity L-evel of S9.S*9S%) . Beca^uee 
<)£ the high purity -of the ^eljectrolyt^, the cathode 
current -density c«.n be increased to 1000 A/m', i.€. four 
5 time's the conventional cathode curr^^nt density. This 
c-oupl-ed vith the .:el^ctrowinnxng from a cuprous solution 
can result in -an reight. times ihcreasre in copper 
pr-oduction over the conventional t^chnioues. Thi-s is a 
marked departure from the. previou'S copper proce-S'Ses . 

10 . CATHODE TOTi -USS IK ELECTROL YSrS <:SLLS - 

A special cathode *may be employed in the 
^electrolysis cells 32, 42 -and 52 , however this cathode 
finds broader application beyond these cells. Typically, 
the cathode i-s f cnried from a copper sheet having a 

15 plurality of sites for metal forrr^ticn thereon. Each 
-site is isoiat^ed from all other sit^s by providing an 
insulating substance' between it and all the other sites. 
Tyrically the site^ are produced by forming a copper 
sheet with a plurality cf dimples 'thereon. 

2 0 The insulaticri is arranged between the ' dimples and 

may be formed from a suitable insulating weans such as 
butyl rubber. The butyl n^ber prevents the forrration of 
any metal between the cimples, and the metal therefore 
tends to -grow out from the dimple in a ^dendritic like 

25 manner. The metal -may be easily wiped off the sheet by 
running one or more -wiper blades over the sheet surface, 
specifically over the dimples, with the -metal dropping 
out in the bottom of the cell for collection and removal. 
MEMBRANE 

30 The electrolysis cells 32, 42 and 52 ^y employ a 

special membrane, howe\^r, the membrane can find use in 
cells other than these cells. In use, the ^mbrane i^ 
typically attached, around an anode * of a cell on a 
supporting frame, for example, a fibreglass frame. The 

35 membrane i-s typically formed by fastening (eg ^painting) 



wo 94/iO(M06 i>CTMU93/0031 1 



-Na2Si03 compound onto a supporting -siibstrat^ (typically 
gla-s^ <loth supporting substrata) . 

In u«.£, . the membr^n^ foarms a Na2;Si'C3 <jeriv€d ^el, 
which functions -extremely «f f-ectiv-ely in the transfer of 
5 current between th^ anode and cathode compartments, and 
is non-porcus. The membrane is also considerably cheaper 
to produce than -existing membranes, for iexample, the 
Naf iori^' ^Membrahe to Du 4Pont. 
IMPELLER 

10 T'he aeration -zonre of the unit 10 can employ an 

impeller as shown in Fi^g^ure 3. However, the impeller is 

not li-mi^ted to such use. 

• rReferrinc to Figure 5, -an impeller .100 includes a 

first : end .102 adapted for attachment to "^a motor -drive, 
15 . vith a coupling .portion 10-4 comprising the -shaft of t^he 

i^npell^r. 

The coupling 104 is adapted for receiving an end 
member iO'£^ having . the impeller blades -disposed at the 
free .end thereof.. An axi^l bore lOB runs right through 

20 the impeller to the air distribution cylinder 110, for 
feeding -air from a separate source through the shaft- of 
the impeller ^and into a hol3.ow chamber in the cylinder. 
k plurality of loncit^udinal slotfe 112 are formed -around 
the periphery of the cylinder, for releasing air from t^be 

25 . chamber. The slots release air in between a plurality of 
blades lliS , . typically equally spaced around the periphery 
of the cylinder ilO. The blades are mpunted to the 
cylinder 110 and also to ^ circular plate 11€ definiiig 
the base or end of the impeller. 

30 The configiaration of the impeller enables air to -be 

foroed into, mineral sl-urry fpassing through the aeration 
zone such that mineral .particles hiave air adsorbed onto 
the surface thereof causing a rapid oxidation teaching of 
the mineral . 

25 Considerabl-e advantages stem from the -above 

described process of the present invention, including the 
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prcGUCtipn of. high purity met«i (s) in an .^coiiomic, 
oon\reni«ht -and low polluting ^nann^r. 

Gapit-al and operating oosfs are .aI'SO -greatly reduced 
by the simpi* and seffective process operat,ing paraTOet«r€ 
£ (i.«. low t«nrperatures. and pressures) with ^tt-endant -low 
power -end hi^h yifil-d benefits also resulting. 

-EQUATIOKS 

(1) . CuFe'Sj 3Cu** - '4C\j'' -r Te** -r 2S^ 

(2) . Cu*^ f Ee*" -9. Cu* 4 •F-e**-' 
1-0 (2). Cu" 4 3 CI" eaClj" 

{■4} . -Cu*' 4 -c'r ■* CuCl* 

(5) . CuF^Sj 4 3/4-02 i/2K20 FeOOH 4 CuS 4 ^ 

. CuS 4 CuCl^ 4 SCI' 2euCl3= 4 

(7) . CuClj" -» CuCl'* 4 2C1* 4 e* 

i£ {€) . CuFeSj 4 ^Cu* -» CuS 4 CUjS 4 Fe** 

IS) . Pes 4 2Cu* -Cuj^ - 

(10) . F^S .4 2Cu"* 'CUjS 4 Fe* 

(11) . 2CU"* 4 I/2C2 4 2H'* -* 2Cu^" 4 iJjO 
- (12) . F*-"" 4 SKjO FeOOH 4 SK** 

20 (13) . Fe^* 4 2-Cu* 4 3/40; 4 I/2K2O -» F«OOK 4. 2Cu.'* 

(1-4) . CuFeSj 4 Cj^"* 4 3/40; 4 1/2K2O 2<Xi"* 4 FeOOK 4 
2S<^ 

(1-5) . . ErCij' 4 2CU"* Er' 4 2CU"'* 4 2C1* 

. Er* 4 2G1* BrCl2* 4 . 2€' . 

25 (17). . SBr-Clj" + 2CuEeS5 r --* 2Cu*' 4 2F-e*'* + 33r* + ^Cl' 4 

(1€) . 3BrCi2* 4 2AU'' 2Au^' 4 .3Br* + iCl* 

The following non- limiting examples illustrate the 
operation of various aspects of . the process , 

This €xampi« demonstrates the r«nipval of sclubi« 
copper frorn the process, ^l-ectrolyte in the ^ aone 20 «f 
the unit 10, by -an -exchange reaction with l-sead in -gal-ena 
and iron in pyrrhotit«, according to the fcliowing 
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-equ-ations: 

2Cu* -r PbS • • -> 

Five kilog;?«Tns -of chalcopyrite ccnc^ntr^re was 
5 agitated with 10 litres of «l|€crrolytte <:ontaininc 2€0gpl 
Nad, 28gpi NaEr and 22.'4gpl cf ionic :copp€r in the 
•cuprous form at a p¥: of 2.7. The t^mper-ature ^was 

Tnaint-ained at BB^C over a ^0 mnut.e period.. 



RESULTS 



TIKE mws.) 


SOLUTION JmALVSSS (C.F.L.) 




?b' 


-Fie 


c 


32.^ 


0 


o ] 


20 


16 .0 


-5.2 


0.€ 


20 


11 .2 


.15 .-2 


-5.2 


30 


«.-0 


IS .:6 


€ .0 " 


40 


£.€ 


.■^ , 


7.2 


60 . 


o.« 


1« .>4 
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CU.2-S f Fs** (10) 



-SOLIDS .ANALYSES <% ) 


.Cu 


-Ee ^ 


Pb 


Copper Concentratve 


30 . 3 


2«.« 


3 .< 


'Resi-due -after Reaction 


35 .-4 


25 .0 


0 .^4 



2 0 Ninety nine percent of the copper ^was precipitated 

froiTi solution in .60^ ^minutes with. 'Sl% of the l^ead and 13% 
of the iron ooming into solution. 

-EXAMPLE 2 

This -example oemcn-strates the reduction of soluble 
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copper in th^ process sBjjectroiyt-^ 
cuprous ^ st«t:e in the dT[\ zone 
f-cl lowing •equation: 

SCu^*" 4 CuPeSj . - - -» -f Fe**^ + 2S^ (1) 

5 In the cin zons of the Axniz 10, the electrolyte froiri 

• the aeration zone i€ contacted with copper concentrate 
frcTH the tnp zone.. The residue from Example 1 (2.2kg) 
was agitated with 10 litres of lel-ectrolyte oontaininc 
2€.0gpl «aCl, 26gpl ^CaEr, Vlgpl cuprous copper and 7gpl 
10 •cupric copper at pH 2 . The temperature -was maintained 
at €S^'C over a three hour period. 



RESULTS 



TIME mi-ns . ) 


-SOLUTION ■mM.YSES (C . P . L . ) 






. F€ 




71.1 


7.0 


0.2 


o.s 


73.6 


5.0 


0.€ 


1.0 


76. e 


2.S 


1 .4 . 


2.0 


76.1 


1.-8 


1.7, 


3.0 


7S.7 


0.5 ■ 


2.2 



The oupric copper was reduced from 10% to 1% over 
20 ' three. hours. 

EXAMPLE 3 

This example ^demonstrates the oombined air and 
^cupric copper oxidation of chalccp^^ite .in the aeration 
zone of the leaching operation, according to: 

25 -CuFeSj ^Cu*"" UO^ ^ K^.O • - 2Cu" FeOOH 4 25^ (13) 
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from the oupric to the 
15 acoordinc to t he 



The rtesidue from Example 2 (1.4kg) was agitated with 
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14 litre's of electrolyte -containiiig 2fi0gpl l^aCl , 2€gpi 
JfeBr ^anc 31.1-*gpl 'totel soluble -copper vith -Oi-Sgpl in tim 
c^pric -form. 

The leach tank -wais fitted A^^i-th a filter 'sock' to 
'5 allow the removal of clear li^guor,. which wa^s purnped 
tferou-gh t«he- anode chainber of a sinall electrolyte <^11 -aiid 
then returned to the leach slurry. DC power was 

supplied to the cell to oxidise cuprous in the leach 
. licuor to cupric. During . this time, air was injected 
10 into tr^ slurry through a 'flotation type' impeller to 
maintain a stable pH in the range 2-3 until the cupric- 
cAaprous ratio reached approxi^tately €-G% . 



RESETS 



15 





ims.) ■ 


•SpLtJTI-ON ^ALYSES (^G.P.L.) 




; 


F-e 


pH 






3 0.0 


2 .€ 


0 


2.-0 


3 


3€.< 


€.7 


1.1 


2.4 




"55. S 


14 .7 


=0 


2 .€ 




55 . 7 


1-9. =0 


0 


2.€ 




12 


^2 .0 


22 .1 


• • o 


.2.€ 




1*5 ' 


:62 . O 


S 1 . 2 ' 


•0 


2 .0 
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SOLiSS ANALYSES 


{%) 


















L-e-ach -Resi^iie - 


.^-e ra t ion 


•I- 7 






zone 









S . In ^xoess -cf 55 % .of the copper was. l:eaO'hec wit-h 

^iaxiirraTTi aLectroiyte Iron oont^ent of l.l-gpl, with -tfee 
• increase in ca:pric ooppisr proportion- froiTi 'S-€3% ^o^f -tfee 
total oopper content . 

■ SXAMPLE 4 

10 This ^exampl^e -denK^nstrates" bai^ex • leeching of re«i^-ual 

copper in the hci zone and the ieachirig ol -col<S a^ocorci-ng. 
to equations (17) .^nd US) . 

' The -apparatois of Exairipl^ 3 was -altered hy tfee 
nepleoenient of the 'flotation t^-pe ' impeller for an -a:xi«i 

.15 'flow impeller and the -seaiiiig of the l-eaoh vessel. 

Cl-ear liquor was again pumped through the anode •o^ha-rnber 
of a s-raall el-ectroiyte c^ll to convert th€ r«si=dual 
cuprous copper to t-he cupric form. At this point ^t-he 
oxidation reduction potential (OR?) of the .electrolyte 

20 was-approximat'ely +450 (Ag/AgCl 1St-andard Electrode) . 

with no residual cuprous copper in the electrolyte; 
haiex -was .generated at the ^anode -and the <5R? of the 
electrolyte rose steeply. Figure 4 shows the 

. rel-ationship between electrical energy stored in the 

25 electrolyte and the ORF. The "D.C. power was maintained 
till the OR? stabilises at approximately +70OmV (Ag/AgCi) 
ensuring high leaching- of copper and gold. 
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■SOLUTION ANALYSES {iQ.P.h.) • 










-Au (ppm) 




ORP 
AcCi ) • 


•0 


-62.0 


«1.2 


0 


0 


2.0 , 


^00 


2 


62.0 


57 .€ 


■0.2 


0 • 


1 .■€ ; 


420 


■4 


-'62.0 


62.0 


l.S 


0 


1.3 . 


■450 




62.0 


62.0 


2.4 


1.5 : 


•0 . ■ € 


700 
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SOLIDS ANALYSES (%) 


-Cu 




Ac 


Au (ppm) 


Leac^ Residue * Stage 3 


1.7 




<1 


is'.s 


Leach Re si-due - St^age 4 


0.3€ 


23 . 0 


<I 


0 ."4S 



The overall copper leaching is 55% -with 5«% of the 
^cl^d leaobed in <he hcl zone . 



E3LMiPLE 5 ^ 

IS This -example -demonstrates a treat-faent process for 

the removal of soluble silver from pregnant .etectrolyte , 
(Stage 1 treatment) . 

Stage 1 treatment involves low ourrent -density 
^l^ctrpwinning on a high surface -area titanium cathode 

20 with the addition of ionic mercury. The Cu/Hg/Ag 

amalgam detached from the cathode in the same manner a-s 
the oopper product . The cell utilised solid copper 

anodes, which in practice can be copper briouette^ in a 
titani^um. basket . 
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The amalgatn v«« ^di-s solved in return, anolyt^; to fcrtn 
cupric and mercuric ions -which ar^ both sclubise in wat«r. 
Dilution ^of the :el«ctrclyt'e re'sul-t-ad in precipitation 
silver -chloride which was thermally treated to produce 
■silver -metal-. Cupric, mercuric ^and ^^ny remaining silA;:er 
ions wer€ rjecycl^d to^^the silver recovery cell" In Che 
-event of mercury build up in the system, v^ue to cfee 
pres^ence ^cf mercury in Che taed, precipitaticn *on copper 
metal, from a bl^e-^ed. st-ream. was utilised. 

-4 0 litres -of -a precnant electroiyt-e containing 
-fil-lgpl copper in the cuprous fonri and 15 ppm silver were 
acitated in -the ceil at €5 -with a. 10 amp. D.C. current 
supplied. The cathode had a surface area of 0.2Sm* 
ope r-a ting -at ^a current density of ^40 A/m' . A l^cpl 
•mercury sol-ution -was metered .into the cell -at 
4ml s /minute. 



. TIME imts . ) 


SOLUTI^ON. ANM,ySES 


•jfig (ppin) ■ 


Cu l=gpl) 


. Kg (ppm) 


JO ■■ 


IS 


:€1 . 1 




1 


■€ 


*0.5 




2 .' 


•2. 


7-5 .:9 














-C , 3 


7€ 




5 


43.17 


76 . 2 


<C.2 ^ 



20 



The test was termiriated at e silver level of O.lVppiri 
after five hours. The theoretlcel silver level to 

produce copper to -L.^M.E. <rrade A -specification {25ppm Ag) 
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is 1.2:5|:)pin. However, by r«movi3!}g -silver to <Q.2ppm, 
copper of -99.^SS% purity can potentially be produced. 

The residual scl-ubie mercury at. the compietion -of 
the te-st le^as <0.2 pptn in the electrolyte. 

This .exa^nplre demonstrates, a trea-ttnent process for 
the re^noval -of cont^Tninant mel:-al ions> other than silver 
and mercury, ^Stas« 2 treatment) 

iSca§e 2 treatment is based on the hi^h strability cf 

iO cuprous copper .up to pH of approximately . . The liquor 
from sta-§e one contains near zero cupric copper after 
sii-yer -removal. This is important, as cupric i-s 

unstable a25qve pK 2.8-3.0, forming an insoluble 
oxychloride compound. The pH of the liquor is raised by 

15 the addition of -sodiXKn carbonate, to a pH of €.0, 
precipitating con tamina-nts as a complex ini'xture of oxides 
and carbonates, ^^-hich setlile and filter readily. 

. The 4-0 litres of electrolyte f rom Example S -were 
purified vat 385 *C by the addition of sodium carbonate as a 

20 4 C% w/v .'Solution. Dry sodium car bonat^e would be used 
lor larger ^s sale ope rat i-ng plants. 
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TIME 

t XTC \ ' 


SOLUTION -ANAL.ySES (CP.L.) 


-Cu 


Pb 


2n 


F« • 


-As 

(ppm) 


'fHj 


■ y^ * 


7€.'. 2 


3.2 


4 .1 ' 


1.7 




2 .47 ^ 


jO 


78 . 2 


3 .0 ■ 


•4.1 


1.3 


43 .1 


4 .'SI' 




78 . 2 


2 . 8 


3 . -^ 




17 ,.-2 




-SO 


7«.2 


2.€ 


3.6 






£.23 ' 

— — ■. ' ■■■'<i 


120 


78.2 


■2.S 


3.4 


0.0-2 


0.6€ : 


£".€2 


1«'0 


78 . 2 


2 


3 .2 


Sppm 


<lppm 


•S.-5.2 


. 1:6-0 


7«:2 


...2.4 


3.2 


Sppm 


.<lppTn 


■€ . 2.1 



10. 



15 



20 



25 



Iron, -zinc and lead precipitated -concurrently. 



30 



pK reiTiained constant at a value of 5 while the majority 
of the iron precipitated, and then continued to rise until 
copper began to precipitate at pH ^.0--'6.2. ^Qkali 
addition was stepped at pK 5.9, prior to copper loss, but 
the slow rate of reaction of residual soluble alkali 
forced the pH up to :6 . 2 with the loss of ' 2^1 copper. 
This hi-ghli-ghted the need for good pH control at this 
•stage. 

- Lead and zi-nc stabilised at 2.4 and 3.2gpl 
respectively, but did not contaTninate the copper product 
^t these levels. 

Iron and arsenic were reduced to Sppm and <lppni 
resoectivelv. Antiinony and bismuth were not monitored 
during the test but were, -anaiysed in the purified 
electrolyte at <lppin and <2ppTr; respectively. 

Whilst the invention, has been Ascribed with 
reference to a number of preferred embodiirents, it should 
be appreciated that the invention c^n be ^embodied in many 
other forms . 
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CLAIMS 



i ; A proGes-s f or producing one ox mor»e *met<ols . frorri .>b 
^mineral -containing the -same, wherein ^ttee mineral i-s 
transferred -to a leaehing . process comprising, .a high 
5 cxidaticn potential x-one (hop zone) a^iid a low 

Qxi<iation potential zone (lop zone) >and through 
which an electrolyte of acid pH is passed from the 
hop zone to the lop zone, comprising the -steps of : 

(i) feeding the mineral to che lop zone 
10 .to contact the. electrolyte whereby at 

least some of the or .each metal is 
leached from the mi^er:al, with at 
least some of ^he or each metal that 
is leached being .in a low oxidation 
IS valence state; 

(ii) - electrolysing -the electrolyte that -leaws. 

the lop zone in an electrolysis process to 
produce the one or more metal (s) and to 
increase the oxidation potential of the 
20 eiectrolyte that leaves the electrolysis 

process ; 

(iii) returning the electrolyte of increased 
oxidation potent iel -to the hop z-one of the 
leaching process; and 

25 (iv) reducing ^he oxidation .;potential of the 

electrolyte 'as it is passed . from the -hop 
zone to the lop zone to its level prior to 
electrolysis. 

2 . A process as claimed in claim 1 wherein the 
30 oxidation potential of the electrolyte is reduced by 

■ counter cur rent contacting the electrolyte with ah 
o.xidisable subst-ance as the electrolyte is passed 
from the hop zone to the lop zone. 
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3. A :proc^«€ as ci-ai^ned in claim 2 wher;ein the 
-oxidisabl*€ substance is the mineral and the 
iel^ectrolyte i^ in ' continuous -contact vith the 
mineral ai5 the mineral is passed from the lop zone 

5 to the hop- zone to substantially leach the or each 

metal from the inineral . 

4 . A proce-ss. a« claimed in claim 3 wherein the 
..electrolyte includes, t-wo or. more halides, and the 

increase in oxidation ^potential of ■ the electrolyte 
.10 i^ brought about by f ermine one cr more halide 

•complexes which-. cause f-urt her -leaching of the one or 
more metals from the mineral as it. passes through 
"the hop zone. 

5. A process as claimed in any one of claims 1 to 2 
IS wherein the electrolyte includes chloride and 

-dissolved copper which is substantially in the 
cupric state as the ^electrolyte .enters the hop zone 
and is substantially in the cuprous state as the 
.electrolyte leaves the lop zone. 

2C '6. A process as claimed in claim -4 wherein the 
electrolyte includes dissolved copper in the hop 
zone and the hop zone comprises a halide complex 
Ireaching . zone <hcl zone) into which .electrolyte 
returning from the electrolysis process is passed 

"25 and in which fimal leaching of the ^mineral takes 

place before it is removed from the leaching 
process, and an aeration zone through which 
electrolyte from t^he hcl zone is .passed and ■a-!er^t^4 
and through wbich partially leached mineral from the 

30 lop -zone is ;passed for further leaching before 

transfer; to the hcl *zone, the aeration precipitating 
leached iron when present in the mineral and/or 
oxidising at least some of any cuprous copper 
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7 . A proc^'S'S e*s claimed in ^^any one of claims 1 to € 
wfee-rein the ':eiiectrclyt« is treated after leaving tfee 
I'Qp ^zor^e ^nd .pricr to entering the electrolysis 
S p^eess, the treatment process compri-sinc the steps 

-of : 

iia) removing any impurities in. t-he 

-.eliectrolyte; apd/^or 
iih) removing -certain metal {£) ^'hich 'may 

10 contaminate the -or each metal produced in 

the electrolysis process. 

A process as claimed i^n claim 7 vherein step (ib) 
incites raising the pK of the electrolyte to a 
level sufficient to preserve the or -^eaoh metal in 
15 •solution, -and which causes precipitation of at least 

some of the oertain metal (s) , ^hioh precipitates are 
then separated from the electrolyte. 

S. ^ process a.s claimed in any one of claims i to € 
'Wherein t-he electrolysis process includes producing 

20 the ^one or more metals in one or wore electrolysis 

cells, wherein the or -each electrolysis cell 
comprises a membrane, separating a oathode from a.n 
anode and wherein the or each - metal is produced -at 
the. cathode of a , given oeli, the -electrolyte f orming 

25 catholyte at the oathode si^e of the cell and the 

electrolyte forming anolyte at the anode side of the 
. cell, with at least a .portion of the oatholyte being 
transferred to the anolyte either directly through 
or by -passing the ^membrane, or indirectly via one or 

30 more further electrolysis oeils. 



10. 



•A process -as olaimeo in claim ^5 wherein the membrane 
is non-porous *and the catholyte 'flow by-passes the 
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11. A process as claimed in cl-ai^rn 5 wh^ar^ein c-fee 
-electrolysis proc^'ss incl-udes a plurality cf 
el:ectroiysis cells in seri-es, with the catholyt.e -end 
5 anolytre . being in either cocurr^nt flow cr 

ccunt^rcurrenr flow in the s^eri^s, and when in 
counts rcurisent flow: 

at lea-st a portion cf the catholyt-e from a oiv^en 
C:€ll in the series ii5 transf-err-ed tc a s\ibse:euent 

1.0 -cell in the series to forrn at least a portion of t'he 

catholyte of that cell, and at least a portion of 
the anolyt-e in the subsequent cell is returned to 
the -given cell to form at. least a portion of tt£e. 
anolyte in the given cell ; 

15 and when in cocurrent flow: 

at least a portion of the cat hoi yte from a ^iwn 
cell in the . series is transferred to a subsequent 
cell in the series to form' at least a portion of the 
cathoiyte of that - cell, and at least a ^portion of 

20 the anolyte in. the -given cell is transferred to form 

at least a portion of the anolyte of .^he subsequent 
cell; 

wherein at least a portion of the cathoiyte for the 
first cell in th^ series, is the electrolyte from t'tee 

2S lop zone and at least a portion of. the electrolyte 

returned to the hop zone is either the anolyte from 
the first cell in the series when the cathoiyte and 
anolyte are in countercurrent . f low or is the anolyte 
from the final cell when the cathoiyte and anolyte 

30 are • in cocurrent flow. 



12. A process as claimed in claim 11 wherein ^when the 
cathoiyte «and anolyte are in countercurrent flow, at 
least a portion of the cathoiyte from the final cell 
in the series is transferred to fonri the anolyte of. 
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the final -c^ll, and vhen tte -catholytze and 6nolyt.B 
ar« in cocurrent fl-ow, at least a iportion -c'f the 
catholyt« from the final cell in the s^Txes is 
transf«rr-ed to form the' anolyte of the first -cell. 

5 12 . A pxocB^ as claimed in claim 11 wherein a treatment 
process is ^mploy^d for incoming -electrolyte to -each 
cell for removing any impurities in the elrectrolyte 
-and for removing any ^metal (s) which -may cont^mi-nate 
the or each metal produced in the ^cell . 

rc . . 14 1 A process as -claimed in any one ' of ciaiTns 11 to 12 
wherein the -mineral- fed to the ieaohinc process 
includes Ni, Pb and ^n.^nd or^e of the oell-s in the 
series is for ^he production of ^i, a.notber oell is 
for the production of Pb or Fb/2n ^and an-ot^her oell 

15 is for the production of Zn; 

IE: k process as olaimed in claim r4 when dependent on 
claim 13 wherein the treatment process prior to the 
nickel producing. cell. includes passing the 
electrolyte through • Tparticulate nickel, the 
20 treatment process prior to the lead producing cell 

includes passing the electrolyte throuch particulate 
lead and the treatment process prior to the 2inc . 
producing cell includes passing, the electrolyte 
through ^particulate ziinc. 

25 1€. A process as claimed in claim 5 wherein the mineral 
fed to the leaching process includes copper in ^a 
sulfide form such that ' transfer of ^the mineral 
through the leaching process precipitates elemental 
sulfAar which is then removed with leached " mineral 

20 leaving the leaching process. 



17. 



A process as claimed in claim 5, claim « or claim i<6 
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wher-ein the i-cp 2on:e comprises a rdi-ssolv;ec stopper 
zone (<3c zone) -wherein at ie-est -a port ion of the 
copper is in >£ soiubilised form, and a copper 
precipit-ation sone (cp zone) wherein at least a 
5 portion of -any vdissolved oopper in -the electrolyte 

is precipita'ted therefrom to mix with -any irtineral 
that has been fed to the leaching process in the op 
zone, the resultant -mixture then • being 
counter currently transferred through the ieachlnc 
10 process, 

•with electrolyte from the hop zone passinc firstly 
through the -6c zone and then through the op zone and 
with ^mineral being fed to the leaching process to 
either or both of the dc and cp zones. 

15 16. A process as oiai^ed in clai-m 1-6 or claim 17 wherein 
the electrolysis process includes producinc copper 
in at least one oopper electrolysis cell so that the 
electrolyte that pass^es to the copper -electrolysis 
cell is from the lop zone and, -when the ibp zone 

2 0 comprises a dc zone and a cp . zone, so that the 

electrolyte is from the oc zone . 

19. A treatiT^ent process for substantially removing 
silver from a cuprous ohlortde solution oomprisinc 
the steps of: 

25 - passing che solution to an electrolysis cell 

having a cathode and a copper anode; 
adding •soluble mercury to the solution in the 
ceil; 

electrolysing the resultant solution to fonri. a 
2 0 Cu/Kg/Ag amal^m on the cathode. 

2C. A treat^.ent process as claimed in claim 1-9 
comprising the -additional steps of: 

removing the amalgam and dissolving it in an 
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•oxidi'sing soloation; 

--diluting the solution t-o precipitate silvier as 
silver chlori'^;. and 
* - -sepa-rating the silver -chloride from the 
S -reirainisg "Solution. 

21. ft treatment proces'S a-s <:iaiTnec in claiin IS wherein 
*tfe€ elect rolysi'S employs a low -cathode ^current 

-'^nsity. 

22. ft tr^eatment process as ^claimed in ^laitri IS -wherein 
1-C -the 3cat^hG3« material is titaniuTn and the copper 

.a^node is fcr^:ed as discrete -bloc^cs or -granules in a. 
porous titanium basSfcet. 

23. A treatment process for substantially rerrioving 
certain -metal (s) f rom a ouprous chloride solution 

15 having a -pH of -g^-^^-ally less than 3 .5 comprisino 

t-tee -steps : 

' • increasing ziie pH the solution up to a value 
ranging from approximately to ^.5 or to a 
value just prior to cuprous copper 

20 precipitation, in stepwise increases of one or 

Taore predetermined pH ranges between pH 2.5 and 
said value, each pH raf>ge corresponding to a 
3>oint at whi*oh one or more, of the. certain 
.-metal is) precipitate from the solution; and 

25 - removing the precipitate of the one or more 

^certain metal (s) at each pE range f rom the 
solution. 

2^ . ft tr^eat-ment process as claimed in claim 22 wherein 
the metals precipitated" Include iron, arsenii:, 
30 antimony, bi-smuth, lead, zinc, nickel and cupric 

coppe r . 
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25. A treetTTient process -as -ci-aitned in -ciaitn 23 wfeerei-n-^ 
sol-ubie l^rrous salt may be added to the solution 
-and the pK is increased by addinc sodiurri carbonat:e 

£ 2-6 . A prooes-s clainied in cl^iin 1€ vherein tfee 

electrolyte is treated after leaving the Ibp -zone 
and prior to -entering the copper electrolysis oell, 
tfee treatment process comprising the st«ps of: 

(ic) substantially r^smoving -any impuri-ties i-n 
10 . the electrolyte; and/or 

(id) -subst-anti-ally removing certain ^metalfs) 
Wiich may contaminate copper produced in 
the copper electrolysis cell . 

27. A process as claimed in claim 2-6 wherein the -mineral 
IS fed to the leaching process includes ^ne or more of 

Pb, Zn, As, Sb, Si, Kg, Ag, Fe as the -certain 
metal (s), and s.ubs-tantial removal of the certain 
metal (s) in step (id) includes . treating the 
electrolyte in a treatment process.: 
20 (ie) as ^de fined in any one of claims IS to 21 

to remove any Ag and Sg in t^e 
electrolyte; and /or 
(if) as defined in any <)ne of cla.itris 22 to. 25 

to substantially remove any remaini^ng 
25 certain -metal (s) . 

26. Ji -proc^s'S as olai^ned in claim 27 wherein prior to 
step (ie) the electrolyte is oontacted . with copper 
metal to reduce any cupric oopper in solution t-o 
cuprous copper and to cause cementation of any 

30 silver in the electrolyte on the copper so as to 

reduce the electrolyte silver oontent to 
approxiiTiately 15 ppm. 
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25. A process clelmBd in cl-aiin 27 ^wh-er-ein in -st^p 
(i^) the cuprous chicride soluti<^ a-s cleimed in 
cl-eim IS is the electrolyte and the cxidisihc 
solution a-s -claimed in claiiti is «a port ion of 

5 return -anciyte from -.the copper, electrolysis cell 

having at least some cupric copper present therein. 

30. A process as claimed in cl^im 27 vherein in step 
(ie) ^ny Hg not subsr^nti-ally removed is 

substantially removed by oontacting at least a 
1-0 portion of the electrolyte from step (ie) with 

•rCbpper -metal and then returning the so-cont-acted 
electrolyte to step (if) . 

31. h process as claimed in ^cl-aim 1^6 'wherein the 
treatment process also includes treating the 

15 electrolyte in: 

a process as defined in ^ny one c-f claims IS to 

21 to substantially remove -any Ag and Hg; *and/cr 
- a process as defined in any one of claims 22 to 

25 to substantially remove any remaining 
20 metal (s) of said metal (s) which *may cont-aminate 

the or each metal produced in a given -cell. 

32. A process as. claiitted in claim 17 wherein oopper 
precipitete transferred through the idc zone and into 
the hop zone is successively leached therefrom so 

25 that mineral leaving the leaching process is 

substantially free of copper. 

33. A process as claimed in any one of -claitns 1 to 4 or 
6 wherein the electrolyte returned to the hop zone 
is at an oxidation potential (Eh) of great-fer than 

30 +600 mV (with reference to an Ag/AgCl standard 

electrode) . 
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34. -A proces-s --es claiTF.ec in clai-tn 32. wherein t*ie 
-electroiyt'e le-eches any gold present in the rdneral 
fjed to the . leaching process and -wherein a pert ion of 
the electrolyte in the hop zone is removed and 

5 passed to a gold recovery proce-ss conipri-sing the 

■stteps of : ■ ■ 

parsing' the ^electrolyte portion to an activated 
carbon bed; 

contacting the -electrolyte portion with a low 
10 oxidstion potential solution to reduce the Eh to 

below +'600 mV {reference Ag/AgCl) Co cause the 
..gold to conre out of ^plution and adsorb on the 
activated carbon; 

separating the carbon/gold product froTi the 
15 .electrolyte portion; 

returninc the odd ^deplet^ed electrolyte portion 
to the hop zone; and 

-recovering gol<3 f rom the carbon /gold . product . 

35. process as claimed in claiiri 34 therein the low 
20 oxidation poteniial solution is -spent catholyte from 

the electrolysis process. 

3£ . A counter current leaching process for leaching one 
or more metal-s from a mneral containing the same, 
the process comprising a high oxidation potential 
25 zone (hop zone) and a low oxidation potential zone 

(lop zone) whereby -an electrolyte of high oxidation 
potential and acid pH is fed to the hop zone and the 
mineral is fed to ^the lop zone, comprieing the steps 

*Of: 

3 0 (1) passing the elect roiyte from the hop zone 

to the lop zone and transferring the 
mineral from the lop zone to the hop zone 
in a counter -current direction to 
elecrrolvte flow, the electrolyte being 
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Jcept in continuous -contact with the 
'XiiiweT-al to i«ech ^t i^-a-st some cf tfee one 
or Tnore metals therefrom thereby l<5wering 
its oxi^ t ion potent i^l; 
S <2) removing the «l«ctrolyte from the lop zone 

-vith the. one or more- metals t-herein and 
removing a -partially ' or substantially 
leached mineral from the lop ,2on€; 
wherein cfee electrolyte f^d to the hop -zone includes one 
10 or mor« hali-de c©mpl«x€S as herein .^linec. 

37. A process as olaimed in claim 36 wherein the 
electrolyte incluces chloride and 'dissolved xcpper 
which is substantial ly in the cupric state as • the 
electrolyte enters the hop zone. 

IS 2S. 'k process as claimed in claim 37 wherein the hop 
•zone comprises a halide complex leaching zone (hcl 
zone) into which electrolyt« is fed to the process 
and in -which final leaching of the mineral takes 
place ;befor:€ it is removed from the leaching 

20 process, and an aeration -zone through vhich 

selectrolyte from the hcl zone is passad and aerated 
and -throuch which partially leached mineral from the 
lop zone is passed for further leaching before 
transfer to the -hcl zone, the aaration pracipitating. 

25 leached iron when present in the mineral and/or 

oxidising at least some of any cuprous copper 
presant in the aeration zona to cupric copper. 

35. A process as claimed in claim 37 or olaim 3« wherein 
the lop zone comprises a dissolved copper zone (dc 
50 zone) wharein at least, a portion of the copper is in 

a soixibilisad forrri, and a copper precipitation zone 
(op *zone) wherain at least a portion of dissolved 
copper in -^the electrolyte is pzecipitated therefrom 
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to Tnix -with -ar^y 'mineral that has been '£=ed to t-he 
process in the cp zor«, with el^eotrolyt^ xrom tte€ 
hop. zone passing firstly through th-e dc zoBe -and 
then through the cp zone before leaving -t^he process 
5 and with mineral being fed to the process to either 

or both of the^^dc and cp zones. 

40. A process as claimed in any -one of claims 37 3'S 
wherein the mineral fe-d to the process includes 
copper in -a sulfide form' such that transfer of the 

.10 mineral through the leaching process precipitates 

elemental sulfur which is then removed with leached 
"mineral leaving tiie process . 

41. Ji process as claimed in claim 17 or claim 3S wherein 
the oxidation potential in the dc zone is greater 

IS than the oxidatioh potential in the cp zone. 

42. A process as claimed in any cne of the preceding 
claims wherein the mineral fed to Che process 
includes sulfur containing ores. 

45. A process as claimed in claim 42 when dependent on 
-20 claim 17, wherein copper in the precipitation zone 

is precipitated as both cupric -and cuprous -sulfide, 
with the copper, precipitating by cementation on the 
surf ur containing -mineral being fed to the cp zone. 

44 . A process as claimed in aiiy one of the preceding 
25 clai^ns wherein the process is operated at generally 

atmospheric pressure . 

45. A process as claimed in any one of the preceding 
claims wherein the electrolyte is a sodium chloride 
electrolyte haying -a concentration ranging from .250 

30 to 300 gpi of electrolyte. 
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A process -as claimed -in *any on« of the. preceding 
-claiTns vhe-rein the pK the -electrolyte is 3 .5 or 
l:e'SS, -and prefer-ably ranges f rom O.S to 3. 

^7. A process .as claimed in any one of the preceding 
S olaims wherein, the temperatur;e of t^he electrolyte is 

-sufficient to leach the or each nietal-, -and to 
iTiaintaln ^the or each tnet^l in -solution. 

■ -^^ . A process as clainiec- in olaim ^4 7 wherein the 
temperature cf the eiectrolyte is -greater than 60^C 
10 and preferably ranges from 70® C up to the boiling 

-point of the electrolyte -at ^ambiTent pressure. 

'45. A process substantial iy as herein oescribec with 
reference to the aoccmpanying <irawi^>gs .and/or the 
■ ■ ■ .-Sxamples . ■ 

15 SO. Apparatus suitable for use in a process -as defined 
in any one of claims 1 to 35 aind* -41 to 4 9 
ooThprising : 

one or ^more vessels adapted, lor re'Ceiving the 
mineral ^nd the electrolyte so that the 
2€ electrolyte is brought i^nto contact with the 

. mineral to leach the one or -more ^netals from the 
mineral ; and 

one or ^more -electrolysis oells, jeech adapted f or 
receiving mineral contacted .electrolyte from the 
25 vessel ls} , for producing a respective one or 

more of the metals, from the metal is) leached 
i^to tLhe electrolyte ^anc for returning the 
electrolyte to the vessel ^(s) ; 

51. Apparatus as claimed in claim 50 additionally 
30 comprising an electrolyte treatment means arranged 

between -the vessel (s) and the electrolysis c€li {s} 
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for receiving tfee min-er^l contacted select rolyte 'from 
the vess'eK's) =and tor removing: 

(a) ^ny impurities in the ^lectroiyte; and/or 

lb) cert-ain -roetal which may cont-aniinat^e the 

5 or e^ch met-ai produced, in the elect rplysis 

process . 

52. Appar-atus ^-s claimed in claim SO vherein the one or 
more vessels are five leaching vessels provided in 
series, each vessel i)eing adapted for receiving 

10 electrolyte flow in an upper ze^gion of the vessel 

and for counter cur rent mineral transfer in a . lower 
region of the vessel, wherein in use, -the mineral is 
fed to a first leaching vessel of the series, and 
electrplyte of a high oxidation potential is 

15 returned to the/fifth leaching • -vessel of the vessel 

series . 

53. Apparatus as claimed in claim 52, therein 
corresponding settling vessels are provided for each 
leaching vessel such that in use, each settling 

20 vessel is adapted for enablinc the mineral to settle 

therein sc as to form a generally mineral :particie 
free electrolyte in an upper region thereof, and 
such that m.ineral is fed to a first leaching vessel 
and is contacted with electrolyte transferred from 

2S . ^the. upper . region of a corresponding first settling 

vessel and the inineral is thien fed to the first 
settling vessel for settling before being passed to 
a second leachi^ng vessel, whereas electrolyte is 
transferred from the. second leaching vessel to the 

30 . first settling vessel prior to being transferred to 

the first leaching vessel. 

54. Apparatus as claimed in claim 52 wherein one or more 
of the second, third and fourth leaching vessels are 
adapted for -air feeding into the vessel for 
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-o.xi'Gatiori l-^aching of ^he ^miiiea^al therein. 

5^ . Appar^^tU'S cl-ei^ned in -clai^n wherein tfee 

adapt-ation of tfee or ^each vigssiel for oxi«dlation 
l^ac'hing 'Of the ^ni'naral includes -the. provision of an 
5 impeller tneans, ^dapt-ed for stirring Mneral in 'the 

or -.each v^essel, such t-hat air is oa^used to adsorb to 
t;-hie :S'u-rfaGe v.o^ the ^mineral. 

'5^. Apparat'iis as olaiined in olaim 51 ^her^in the or «ach 
*elect.roiysls. ^ell is divi^ded int;0 a oathode 
10 obmpa-rt^ment incl^uding one or . more -Gathodes and 

-adapted for producing -catholyte, -.and an anode 
. ocfflipa-rtrnent inc Lading' one or ^nore. --anodes . -and adapted, 
'for prpd^c.ing -ariolyte, the or .eaoh oell ieinc 
divided by a ^rienuDrane -whioh is eit^her porous or non- 
15 :|>6roHs . ■ 

57. . >i?ipparatus as claimed in claiiri 5^6 wherein two or tnore 
of the cells are arranged in series, with the cells 
^being adapt-ed such that in use the catholyte 'frotri 
the cathode oompartment of a given ceil is 

20 transferred tc the cathode compartment of a 

subsequent cell, and the anolyte of the given oell 
is ..either transferred to the anode compartment of 
the subsequent cell so that the_ catholyte and 
anolyte arse in cocurrent flow, or is transferr*ed.>to 

2S Che -anode compartment of a previous oell so that the 

catholyte and ^anolyte are in counter current f l>ow. 

SB. J^ppar^etus .as claimed in claim :57 cpmprisi-ng ^an 
additional one -or more electrolysis cells arranged 
in parallel to the series cells, with anolyte from 
30 the additional one or more cells also being returned 

to the vessel (s ) . 
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S"£. Apparatus ^^15 claimed in ci-aim 5€, vh^rein t,he serie^s 
^ceil-s are adapted for producing at least Ni, and 
-Zn and tiie additional cell(s) are adapted for 
producing at least copper, when tfeese metals -ar^ 
5 pr^esent in the miixeral fed to the vessel (s) . 

^0. A cathode suiti-abie for use in an electrolysis cell 
as defined in claitn B'6 or claim "5€, tfee cathode 
fbeing formed . from a. conductive iraterial -and. ^having. a 
plurality of isolated exposed conductive ^material 

10 sites for the formation thereon of the one or -mpre 

metals during an electrolysis process, *with each 
site being . isolatec from all other sit^s by 
providing on the cathode, insulation means -to prevent 
the in use formation -of metal on the cathode in 

15 regions -between the sites. 

A cathode as claimed in clai^ €0, therein the 
cathode is formed from a copper sheet and the site^s 
are -a plurality of dimples formed in the copper 
sheet, vith the insular inc means being an insulating 
20 ■ s^ubstance f astened to the sheet bet^'een the di^nples , 

leaving the dimples as portrudi-nc sites for the 
formation of the ^metal (s) thereon. 

62. A me-rabrane suitable for. use in an electrolysis cell 
as defined in claim 5'€ or claim '58, the -^nembrane 
25 being non-porous to electrolyte flow, ^nd in use 

comprising a Na^SiO^. derived gel arranged *on a 
-supporting substra^te. 

€2 . A membrane as claimed in claim 4>2 being adapted for 
mounting around an anode of an electrolysiis cell, 
3C wherein the membrane is formed by affixing Na25i03 to 

a -^lass cloth supporting substrate.- 
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^64. .^ipparstus as ^ciaime'd in -ciaiTn 'S« or <:l«iir. 5€ wherein 
tfee membrane is as def ined in iclaim or claim 63. 

€£. "Apparatus as claimed in claim S6 or -cialm ;58 w.erein 
the or each cathode is- a cathode -as .4"S fined in claim 
5 €<) or claim €1. 

•66, Apparatus as claimed in any one of claims 5^6 to 

. .wherein one or more respective .electrolyte treatment 
means as oef ined in claim 52 arm provided for 
treating -electrolyte/cathoiyte prior to it passing 
10 into the or each cell . 

67 . Apparatus as claimed in claim 66 -wherein the or each 
treat^hent means includes an electrGlysis treatment 
cell comprising a copper anode, and -Gathode formed 
* from a material, insoluble in the -electrolyte .. 

15 66 . .Apparatus as claimed in claim 67 wherein the -or each 
electrolysis treatment cell is suitable for the in 
use formation of a Cu/Hc/Ag amalgam when these 
metals are present ir. the electrolyte in the cell, 
and wherein the cathode is for^ned from a titanium 

20 -mesh -generally surrounding the -anode . 

.65. An impeller suitable for use as. the impeller means 
in apparatus as defined in claim 55, the impeller 
comprising a hollow shaft having ^one -end adapted for 
turning by motive means, and an opposite remote end, 

25 the impeller being adapted for -U'se in the or ^ach 

vessel, the remote end of the impeller having a 
transverse plate arranged thereon, with a plurality 
of blades mounted, to the plate so ^as to extend 
laterally outwards from the. shaft at or adjacent the 

3 0 remote end, in use, air or oxygen being fed through 

the shaft to -exit -the imoeller at the remote -end. 
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70. An iiTipell-er -claimed in cl-aitn 6S wber^in the ^nd 
pl^tte i-s circular ^and t*he blades are mounted tfeerato 
to extend around the perimeter of the plate, witii a 
.cylindrical housing "being fixed at the ^remote ^nd of 
5 the shaft and the blades being arranged around the 

hou-sinc, the -cylindrical housing having a plurality 
of longitudinal slots formed therein for the in use 
expulsion of air or oxygen. 

71". An impeller substantially as herein described with 
1:0 reterence to -Figure 3 of the accompanying orawings . 



Aj»aratus sufe-stantially a-s herein -described -with 
reference to Ficrures 1 t-o 3 of the -accompanying 
drawings and /or the examples. 
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INTERNATIONAL SEARCH REPORT 



in'icmauonei aj^ucauon i^o. 
PCT/AU 93/00311 



Box) 



Has were^lbuAd unsearohaMe <CoodiHi&tioo of liem 1 <tf first sbeet) 



This inicmetionAl search -i^xm ha* iK)lie*taWishcd in4wiipeci of*ccrtain claims under Astick 17(2X«) for the foUbwinf -reasons: 

1 I > Oifiims^Nos.: 

j I «because4beyF«^fiie^^ject.^n»tscr n^'^uir^ 



□ because ihey rclaie to pans of'the imentatk>n&] appiication that ^o not ^c^ uithihc 
prescribed i^uireiner£i^ such^«x;eni^at no fncaniiif^l<intematx>haJ scajch-can^be 
•casried but, specifically: 



3. 



|~[ ^^i^^y ai«^ig>^>^ accordance uith^e second and 



third "seaiwKses of Rule 6.4(a). 



Box 11 



Ohserratkms where unitT of invedtipD is lacidng (ContizKi&tioD of Item 2 of first ^heet) 



Thii International Searching Authorit>'^und-aiuliipie inventions in this -intenjational ap^cation, &s,foUou's: 

Iht iniemadonal appbcatioD does not <ximply witb ^the^tUFemeat of imity ofiOVC»tioD for<hc lol]o%^'ijj^ 

Ciaim ] defiiDss aproeess for producinf or^orecje^als-bvieachijig miperals-con^^^ wkb as 

electrohte of acid pH , ^e^troi vsiag 4be \^<^«^;J*3;$J^^S^*^ ^ X)! «iore iDct^s^pd tm 'S^^^jSg-^^ 



iocrei^d oxsdati<x) potsDtial . , — 
poLeotiai as it pass^es tbe leachixif 



tc) 



ClaitZ3 23 defines a ^reaEn^eoi 
.WecjpiiatioD by progressive j 
Tiiis VeatcoeDt process, is sot 
process is oot 



process of a cuotxjus <Monde . sc 
iSdicioo of a biase so^at -tiie 
a ^eadiing prociess hiH a ^irecipn 



ssioc 4be soUilion 
I leadufif^MOcess 



tus <Monde soludoD 4o Tetpove «ikJ separate ^eial ions b v 
' -the rf} of ibe soJutmn iDcre^ 

^irecipitaitoD^^ctioD^pro^^. Aiso-an-«»&cifOlvi]C 



<'COBiiflued wi-exira sheet) 



1. 
2- 
3. 



o 
□ 
o 



AS aU 3«qui;«d additional search-jees w^re^imjMy paid 'by itl^ appbcam. this inte^^ 
. search 'Tcpon covers aD searchabk-tkims 

As.all seafchabk-ciaiins«ouId be searched without efionjustii^'ing an -additiona} lee, 
Authority did not invite payment of any^*litional4ec. 

As only some of -the required addiiionai search lees were 4in»iy paid by the a^^cam, this 
iniemational searx^ x^n^vers only those claims for u^ch lees were ^paso, specifically 

claims Nos.: 



No acquired additional search fees wcrc<imely,paid-by'Aeapjrfican:. Goriseqoenuy, this 
intemationa] search repon is rcsrric;cd'to:thc invention first -mentioned in thexlauns; 
ii is «ov^ed b v claims Nos . : 1 - tt-aad yb-A ] 



Remark on Protest 



I addiuonal 'search »fees were -accompanied -by the applicant *s proiest . 

I [ No protest«ccon:panicd;the payment of^additional search fees . 



Pfsrrrx PrT/KAmo icnnttmiacinn of first sheeUI WJvlv 1^2)^cooine 



INTERNATIONAL SEAKCH KEKUKI 



Iniemeiional epplicaiion No. 
PCT/93«)031J copjne 



fccmdoiiaCkin) 
Sox II (coocinued) 



^) Giflini 36 deliaes 8^x>UDt&FCurT^t ieadu2>g process using ek^ctroJyie y^'hich includes one or more <balide 
comp)e)tes. ^tectrolyies at ^ven-oKidation potentials are used to^^xiraet the'Cone^xxtding 4Deta) kms. 
Ujere i6^*elecut>lysis step disclosed. 

^<e) 'Gaisn SO-deAnes -an apparacus vAuch is suitable for use in a process defined in claim 1 . It comprises one or more 
v^sels for teaching ^^mioeral bv^e-electrblyte and one or more^iectrolysis^celis to^mover one or mor« of 
^e metals. Tbe apparatus 4e^ed is 'DOI 'q;>eci^BcaUy ^iss^gned for -carrying ^out 4be above^nemiooad •process 
-clamis. 

<f) (Haim^4efbes 8«catbode suitable for use in m elecirolysts cell «5 defined 4n claim $6-or claim Tbe cathode 
is not specifically <iesi^ed Tor bei2>f used in the dectrolysisxelis defb^ in <:iaims'S6 ot^% whenever the-cdls 
are us^ to cany out tnC'process ilenned in claim 1 . ' 

^) <}|um€2'defines a membrBoe sui^table for use in an e]ectro]ysis<:d[l a^ Tht 

membrane is not ^>ecific^ly<les^E>ed for being used in ^^)ecaolysis<:eUs detin;edin4:laim5'S6 or'S€ whenexxr 
the ceUs are 4ised to -^canyo^t^ process defined in claim 1. 

(h) C]aim^9^eiines an impelier suitable for use in an electrolysis cdl ^s-d^^ed in claim 55. The im|>eller is oot 
specific&llv designed for being used in ^ -electrolysis t^dls'd^bed in ^asm 35 wbenex^&r ^e •cells are used to 
. carry out me process ti^ined melaim 1. 

Iht '^>ecia] ledmical features* of 4be \5priou5 groups of inventions bave been |d«i>tified as follows: 
^roup(A) 



relates lo meta] extraction via a combmation of leachmg^d electrolysis prpceisses including regeneration 
.and reuse of leaching eScctolytc; 

relates to Ag 'recovery by ^ addition of Hg into Cuj and electrolysing using a Cu anode; 

relates to -precipitation of metals from a Cu2 CI2 solution by progtessive addition of a base; 

relates to countercurrent leaching of a. mineral eontaining metals using anelectroly^^te containing halide 
ec»x^))exes of a rgiven OKidati^m potential; 

relates to a ocnnbin^on of one or ^DOre vessels suitabk for ieaching and one or more veissels suttalhle fox 
etecot^ysis; 

relates to a cathode having a pluralin' of isolated exposed conductive mi^erial sites «nd uiiheach site being 
isolated from all other sites: 

^elates to a jnernhnnt being non-^porous to eJectrol>ie flow and in use comprising a Na2 Si 03 <ien ved 
gel arr^aged on a supporting substrate and finally 

relates to an tmpeller comprising a bellow shaft having one end adaoted for timzing by motive =ineans, ^and 
an opposite remote end baving a transverse plate with a p]uraiit>' of blades mounted to the plate and in use 
^r/ox>^^ being*fed through the sh^ to exit ^ the remote end' 

^ince the above mentioned -groups of claims do not share any of the technical features identified, a ^^technical relatton^p" 
berwe«5 the inventions identify above <as defmed PCT rule 13.2) does not exist. 

Accordiangly the international application does oot relate to one invention or 10 a single inv^iti ve concept, 
it is considered that ^the inv^ticms reside in the following sub-groups of tbe IPC. 



group tB) 
^roup <C) 

,gTOUp<D) 

group TE) 
,#ToupfF) 
.^roup<G) 
^roup<H) 





Claims 


Invention 


Classification 


A 


1 


ieaching electrolysis 


C22B 3/-6: 3/10, C25C 1/20, 1/12, 1/16, 1/OE, 1/1^ 


-8 


i9 


electrolvsis to remove Ag from Cu2 CI2 to 
^>roduce"Cu/Kg/Ag 


C25C1/24 


C 


23 


precipitatit» of^netal ions by incre^asing fSi of 
solution 


C22B 3/00. 3/44, C03G 3/00, 9/00. 21/00, 28^00, 
29/00, 30/00, 49/00,^3/00 




36 


countercurrent teaching tising electroh'ies at 
-different oxidaticK) potentiils 


C22B 3m, 3/iO 


-E 


5C 


vessel tor leaching .and a cell forelectrolysis 


C25C 7/00 


F 




-cathode "for electrolysis 


C23C7/02 


<3 


62 


^snembrane foreiectrolN'SfS 


C25C7/04, SOID 71/02 


H 




inkier for^eiectiolysis cell 


C25C 7/00, BOlf 13/02. 7/1^ 
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<coDtiauatioo) 




-Sox D IcbDCisufid) 

Hence, ^^beinvMtions-feskk in <iiffei«nt^wi^ sub-^ups ii is<Jonssdered 4hai 

seardikif of Ac in veatknis logetber <otber tiian -groijps A siH D) cazmot -be accom{^5bed wiihoui Isigni ficaDt^ addkioiial 
-effort, i.-e. ^ceediog i/2 a-day Ibr eadi aadkiooal inv^otKM). 

Thus if the applicant desires <thai<he six aSditioaal inxtemions^ searched i^up$ B,C,£,f, <5'aDd"H) arpaynjeniof 
addidoafil f»5S is -requiiaed. 
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